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MAINTAINING DIFFERENT VIRTUAL
ACTIVE SE'TS FOR DIFFERENT CELL TYPES

CLAIM OF PRIORITY

This application claims the benefit of and priority to com-
monly owned U.S. Provisional Patent Application No.

61/318,687, filed Mar. 29, 2010, and U.S. Provisional Patent
Application No. 61/352,739, filed Jun. 8, 2010, the disclosure
of each of which 1s hereby mcorporated by reference herein.

BACKGROUND

1. Field

This application relates generally to wireless communica-
tion and more specifically, but not exclusively, to maintaining
virtual active sets.

2. Introduction

A wireless communication network may be deployed over
a defined geographical area to provide various types of ser-
vices (e.g., voice, data, multimedia services, etc.) to users
within that geographical area. In a typical implementation,
access points (e.g., corresponding to different cells) are dis-
tributed throughout a network to provide wireless connectiv-
ity for access terminals (e.g., cell phones) that are operating
within the geographical area served by the network.

In general, at a given point 1n time, the access terminal will
be served by a given set of one or more cells. Over time, the
signal quality seen by the access terminal may change,
whereby the access terminal may be better served by a dii-
ferent set of one or more cells. In such a case, to maintain
mobility for the access terminal, the access terminal may be
handed-over from 1ts serving cell set to the other cell set.

To facilitate this mobility, the network may instruct the
access terminal to measure signals (e.g., beacon/pilot signals)
from cells on the current serving frequency and on other
frequencies. The network then uses the signal quality of the
measured signals to determine whether the access terminal
should remain on 1ts current serving cell set or switch to
another cell set. These measurements may be periodic or
event-triggered. As an example of the latter case, the network
may configure an access terminal with one or more param-
cters (e.g., a threshold) and instruct the access terminal to
send a measurement report whenever the measured signal
quality meets the criteria specified by the parameter(s) (e.g.,
signal quality exceeds the threshold).

In some implementations, a network may support soit han-
dover of an access terminal. In such a case, the access terminal
maintains concurrent connections (e.g., radio links) with
multiple cells on the serving frequency. The cells with which
the access terminal maintains these connections are referred
to as the active set.

As mentioned above, apart from the serving frequency,
there are other frequencies that may be available to an access
terminal. Consequently, an access terminal may maintain
other active sets corresponding to these other frequencies.
Each of these active sets 1s referred to as a “virtual” active set
(VAS) because an access terminal generally does not actively
maintain connections with the cells listed in the VAS. Rather,
the VAS on a particular frequency, e.g., frequency 1, 1s gen-
erally understood to be the active set that 1s expected to be
used 11 the access terminal were to be camped on the fre-
quency j. A single VAS 1s defined for a given one of these
other frequencies.

The VASs are used in conjunction with the active set to
determine whether to leave an access terminal on its current
serving frequency or to hand the access terminal over to one
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of the other frequencies. For example, the access terminal
may measure certain signal quantities (e.g., Ec/Io) from the
cells listed 1n the active set and each VAS and generate a
corresponding quality estimate for each frequency based on
an average of the measured signal quantities. From the result-
ing set of frequency quality estimates, a determination may be
made as to which frequency will provide the best service for
the access terminal. An example of a VAS 1s described 1n the
3GPP document TS 25.331 at Section 14.11.

As the demand for high-rate and multimedia data services
rapidly grows, there lies a challenge to implement efficient
and robust communication systems with enhanced perfor-
mance. To supplement conventional network access points
(e.g., macro access points), small-coverage access points may
be deployed (e.g., installed in a home or workplace) to pro-
vide more robust indoor wireless coverage or other coverage
to access terminals. Such small-coverage access points may
be referred to as, for example, femto access points, femto
cells, Home NodeBs (HNBs), Home eNodeBs (HeNBs), or
access point base stations. Typically, such small-coverage
access points are connected to the Internet and the mobile
operator’s network via a DSL router or a cable modem. For
convenience, small-coverage access points may be collec-
tively referred to as HNBs (or HNB cells) 1n the discussion
that follows.

Access points such as HNBs may be configured to support
different types of access modes. For example, 1n an open
access mode, an access point may allow any access terminal
to obtain any type of service via the access point. In a
restricted (or closed) access mode, however, an access point
may only allow authorized access terminals to obtain service
via the access point. For example, an access point may only
allow access terminals (e.g., so called home access terminals)
belonging to a certain subscriber group (e.g., a closed sub-
scriber group (CSG)) to obtain service via the access point. In
a hybrid access mode, alien access terminals (e.g., non-home
access terminals, non-CSG access terminals) may only be
allowed to obtain access via the access point under certain
conditions. For example, a macro access terminal that does
not belong to a HNB’s CSG may be allowed to access the
HNB only 1f the HNB 1s not currently serving a home access
terminal. For convenience, a cell (e.g., a HNB) that 1s asso-
ciated with one or more CSGs may be referred to as a CSG
cell in the discussion that follows.

In practice, various problems may arise in a system that
employs HNBs (CSG cells) and VASs. These problems may
arise 1 a co-channel deployment where HNBs and one or
more macro cells operate on the same frequency or in a
dedicated channel deployment where HNBs operate on a
different frequency (e.g., a dedicated frequency) than macro
cells.

In a co-channel deployment, false event trigging may occur
for an access terminal that 1s not interested in HNB coverage
(hereafter referred to as a macro access terminal, for conve-
nience) or for an access terminal that i1s interested in HNB
coverage (hereatter referred to as a HNB access terminal, for
convenience). This false triggering may occur as a result of
HNBs and macro cells being included in the VAS. In this case,
a frequency quality estimate based on this VAS may be incor-
rect.

For example, 1f there 1s poor macro cell quality but good
HNB quality on another (non-serving) frequency, a relatively
high overall frequency quality estimate may be indicated for
this other frequency. Thus, a macro access point that 1s only
interested 1n macro coverage may be handed-over to the other
frequency where the macro coverage 1s poor (e.g., worse than
on the serving frequency).
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Conversely, it there 1s good macro cell quality but poor
HNB quality on another (non-serving) frequency, a relatively

high overall frequency quality estimate may again be indi-
cated for this other frequency. However, a HNB access ter-
minal that 1s only interested in HNB coverage may be handed-
over to the other frequency where the HNB coverage 1s poor
(c.g., worse than the macro coverage on the serving ire-
quency).

If HNBs are not included in a VAS to avoid the adverse
impact on macro access terminal mobility discussed above, a
HNB access terminal may not be handed-over to a frequency
with HNBs 1n cases where such a handover 1s desired. For
example, 1f there 1s poor macro cell quality but good HNB
quality on another (non-serving) frequency, the HNB access
terminal may be leit on the current serving frequency because
a poor Irequency quality estimate would be reported for the
other frequency.

In a dedicated channel deployment, various problems may
arise 1 conjunction with HNB access. For example, a fre-
quency quality estimate based on multiple HNBs may be
incorrect. Here, 11 there 1s poor quality for a user’s HNB (e.g.,
a HNB associated with a CSG) but high quality for a neighbor
HNB, a relatively high overall frequency quality estimate
may be indicated for the dedicated HNB frequency. Thus, a
HNB access terminal that 1s only interested 1n 1its home HNB
coverage may be handed-over to the HNB frequency 1n a case
where the home HNB coverage 1s poor (e.g., worse than the
macro coverage on the current serving frequency).

As another example, 1f collectively the quality appears high
for enterprise-based HNBs (e.g., HNBs provided at a work
site), but on an 1ndividual basis the quality of each HNB 1s
poor, a relatively high overall frequency quality estimate may
be indicated for the dedicated HNB frequency. Thus, a HNB
access terminal may be handed-over to the HNB frequency in
a case where the HNB coverage 1s actually poor (e.g., worse
than the macro coverage on the current serving frequency).

Moreover, the cells that are allowed to be included 1n a VAS
for an access terminal are typically limited to the cells that are
specified by the network. For example, the network may send
an Intra-frequency cell info list and an Inter-frequency cell
info list that specily the cells that the access terminal may
includen a CELL_INFO_LIST oraneighbor cell list (NCL).
However, this limits the number of primary scrambling codes
(PSCs) that may be used by the HNBs on the dedicated
frequency. Given that there may be a relatively large number
of HNBs deployed on the dedicated frequency (e.g., hundreds
or more), this may increase the probability of PSC confusion
on the dedicated frequency.

SUMMARY

A summary of several sample aspects of the disclosure
tollows. This summary 1s provided for the convemience of the
reader and does not wholly define the breadth of the disclo-
sure. For convenience, the term some aspects may be used
herein to refer to a single aspect or multiple aspects of the
disclosure.

The disclosure relates 1n some aspects to maintaining dif-
terent VASs for different types of access points or cells. For
example, for a given frequency, an access terminal may main-
tain one VAS solely for HNBs (e.g., CSG cells, hybrid cells,
open cells associated with HNBs) and another VAS for any
other types of cells (e.g., macro cells). Thus, an access termi-
nal that 1s interested 1n being handed-over to a HNB (CSG
cell) on another frequency may use the dedicated VAS (e.g.,
referred to herein as the HNB VAS or CSG VAS) for inter-

frequency event triggering. Conversely, an access terminal
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that 1s interested 1n being handed-over to some other type of
cell (e.g., a macro cell) on that other frequency may use the
other VAS for inter-frequency event triggering.

The disclosure relates 1n some aspects to defining different
lists of permitted cells for different types of access points or
cells. For example, an access terminal may maintain a CEL-
L_INFO_CSG_LIST that 1s dedicated for HNBs (e.g., open
HNBs, CSG cells, hybrid cells) and maintain a CELL_IN-
FO_LIST that 1s dedicated for non-HNBs (e.g., macro cells).

The access terminal configures these lists based on cell infor-
mation received from the network. For example, for a given
frequency, the network may provide a CSG Inter-frequency

cell info list and a CSG Intra-frequency cell info list that
specily the HNB cells (e.g., open HNBs, CSG cells, hybnd

cells) that the access terminal may include 1n 1its CELL_IN-
FO_CSG_LIST. In addition, the network may provide an
Intra-frequency cell info list and an Inter-frequency cell info
list that specity the non-HNB (e.g., macro) cells that the
access terminal may include 1n 1ts CELL_INFO_LIST. Thus,
a HNB VAS (CSG VAS) may include any cell listed 1n the
CELL_INFO_CSG_LIST, while another VAS may include
any cell listed 1n the CELL_INFO_LIST. In this way, a larger
number of PSCs are available for use by the HNBs (CSG
cells) on a given frequency.

The disclosure relates 1n some aspects to determining a
frequency quality estimate for inter-frequency event trigger-
ing based on measurement of a single HNB (CSG cell). In
some 1mplementations, this 1s achieved by using a HNB VAS
(CSG VAS) with a predefined size of one cell. In some 1mple-
mentations, this 1s achieved by using only the best cell from a
HNB VAS (CSG VAS) for inter-frequency event triggering. In
either case, a handover decision may therefore be based onthe
quality of the actual cell to which an access terminal would
likely be handed-over, rather than based on the collective
quality of all of the HNB cells (CSG cells) on that frequency.

Through the use of these and other techniques as taught
herein, access terminal inbound mobility to certain types of
cells (e.g., HNBs) may be improved. For example, the use of
the disclosed techmques may increase the likelithood that
upon conducting an inter-frequency handover, an access ter-
minal will recerve the coverage that was expected at the new
frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other sample aspects of the disclosure will be
described in the detailed description and the appended claims
that follow, and 1n the accompanying drawings, wherein:

FIG. 1 1s a simplified block diagram of several sample
aspects ol a communication system where an access terminal
may maintaining an active set and different types of VASs;

FIG. 2 1s a flowchart of several sample aspects of opera-
tions that may be performed 1n conjunction with maintaining
an active set and different types of VASSs;

FIG. 3 1s a flowchart of several sample aspects of opera-
tions that may be performed 1n conjunction with maintaining
and using a HNB VAS (CSG VAS) for inter-frequency event
triggering;

FIG. 4 15 a flowchart of several sample aspects of opera-
tions that may be performed by an access terminal 1n con-
junction with identifying a cell for a HNB VAS (CSG VAS)
that has a size of 1;

FIG. 5 15 a flowchart of several sample aspects of opera-
tions that may be performed 1n conjunction with a change in
the best cell of a HNB VAS (CSG VAS) that 1s not restricted

to a size of 1;
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FIG. 6 1s a flowchart of several sample aspects of opera-
tions that may be performed 1n conjunction with maintaining,

a HNB VAS (CSG VAS) with multiple HNBs (CSG cells);

FIG. 7 1s a simplified block diagram of several sample
aspects of components that may be employed in communica-
tion nodes;

FIG. 8 1s a simplified diagram of a wireless communication
system;

FI1G. 9 1s a simplified diagram of a wireless communication
system 1ncluding femto nodes;

FIG. 10 1s a simplified diagram illustrating coverage areas
for wireless communication;

FIG. 11 1s a simplified block diagram of several sample
aspects of communication components;

FIG. 12 1s a simplified block diagram illustrating several
sample aspects of a telecommunication system; and

FIG. 13 1s a simplified block diagram of several sample
aspects of an apparatus configured to maintain a HNB VAS
(CSG VAS) as taught herein.

In accordance with common practice the various features
illustrated in the drawings may not be drawn to scale. Accord-
ingly, the dimensions of the various features may be arbi-
trarily expanded or reduced for clarity. In addition, some of
the drawings may be simplified for clarity. Thus, the drawings
may not depict all of the components of a given apparatus
(e.g., device) ormethod. Finally, like reference numerals may
be used to denote like features throughout the specification
and figures.

DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It
should be apparent that the teachings herein may be embod-
ied 1n a wide variety of forms and that any specific structure,
function, or both being disclosed herein 1s merely represen-
tative. Based on the teachings herein one skilled in the art
should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two
or more of these aspects may be combined 1n various ways.
For example, an apparatus may be implemented or a method
may be practiced using any number of the aspects set forth
herein. In addition, such an apparatus may be implemented or
such a method may be practiced using other structure, func-
tionality, or structure and functionality 1n addition to or other
than one or more of the aspects set forth herein. Furthermore,
an aspect may comprise at least one element of a claim.

FI1G. 1 1llustrates several nodes of a sample communication
system 100 (e.g., a portion of a communication network). For
illustration purposes, various aspects of the disclosure will be
described in the context of one or more access terminals,
access points, and network entities that communicate with
one another. It should be appreciated, however, that the teach-
ings herein may be applicable to other types of apparatuses or
other similar apparatuses that are referenced using other ter-
minology. For example, 1in various implementations access
points may be referred to or implemented as base stations,
NodeBs, eNodeBs, macro cells, Home NodeBs, Home eNo-
deBs, CSG cells, femto cells, and so on, while access termi-
nals may be referred to or implemented as user equipment
(UEs), mobile stations, and so on.

Access points 1n the system 100 provide access to one or
more services (e.g., network connectivity) for one or more
wireless terminals (e.g., an access terminal 102) that may be
installed within or that may roam throughout a coverage area
of the system 100. For example, at various points 1n time the
access terminal 102 may connect to any of the access points
104-110, or some access point in the system 100 (not shown).
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Each of these access points may communicate with one or
more network entities (represented, for convenience, by a
network entity 112) to facilitate wide area network connec-
tivity.

These network entities may take various forms such as, for
example, one or more radio and/or core network entities.
Thus, 1n various implementations the network entities may
represent functionality such as at least one of: network man-
agement (e.g., via an operation, administration, management,
and provisioning entity), call control, session management,
mobility management, gateway functions, interworking
functions, or some other suitable network functionality. In
some aspects, mobility management relates to controlling
(e.g., mitiating and handling) handover of an access terminal
from one access point (cell) to another. To this end, the net-
work entity 112 1s depicted in FIG. 1 as comprising at least
one component for handover control 114. In some aspects,
mobility management relates to: keeping track of the current
location of access terminals through the use of tracking areas,
location areas, routing areas, or some other suitable tech-
nique; controlling paging for access terminals; and providing
access control for access terminals. Two of more of these
network entities may be co-located and/or two or more of
these network entities may be distributed throughout a net-
work.

The access points 104 and 106 may comprise, for example,

HNB:s (e.g., including HeNBs, CSG cells, hybrid cells, open
HNBs, temto cells, femto access points, and so on) or some
other type of cell that provides different service (e.g., cover-
age) than a macro cell. For convenience, these types of cells
may simply be referred to as HNBs 1n the discussion that
follows. It should be understood, however, that the disclosed
concepts are not limited to HNBs.

The disclosure relates 1n some aspects to maintaining an
active set and different types of VASs that are used for mobil-
ity-related operations performed by the access terminal 102.
In accordance with conventional practice, the access terminal
102 maintains an active set 116 for the current serving fre-
quency FO (hereatfter referred to as the used frequency, for
convenience). In addition, the access terminal 102 maintains
N VASs 118 for other frequencies F1-FN (hereafter referred
to as the non-used frequencies, for convenience) on which the
access terminal 102 may receive service. However, the VASs
118 do not include HNBs. Rather, 1in accordance with the
teachings herein, the access terminal 102 maintains dedicated
VASs 120 for the HNBs on the non-used frequencies. That 1s,
cach dedicated VAS 120 will only include HNBs (1.¢., include
the 1denftifiers assigned to the HNBs). For convenience, a
dedicated VAS such as this may simply be referred to as a
HNB VAS (or CSG VAS) 1n the discussion that follows. It
should be understood, however, that the disclosed VAS con-
cepts are not limited to HNB VASs.

The access terminal 102 also maintains cell lists received
from the network (e.g., from the network enftity 112). For
example, the access terminal 102 may maintain a CELL_IN-
FO_LIST 122 that specifies which cells may be included 1n
the VASs 118 (e.g., for a given non-used frequency). How-
ever, the CELL _INFO_LIST 122 used for the VASs 118 does
not include HNBs. Rather, in accordance with the teachings
herein, a CELL_INFO_CSG_LIST 124 1s used to specily the
HNBs that may be included 1n the HNB VAS 120 (e.g., for a
given non-used frequency).

The implementation of a dedicated HNB VAS 1n conjunc-
tion with an active set and other VASs will be described in
more detail 1n conjunction with the tlowchart of FIG. 2.
Specifically, FIG. 2 describes how the active set and VASs are

maintained and how they are used to trigger mobaility events.
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For convenience, the operations of FIG. 2 (or any other
operations discussed or taught herein) may be described as
being performed by specific components (e.g., the compo-
nents of FIG. 1 or FIG. 7). It should be appreciated, however,
that these operations may be performed by other types of
components and may be performed using a different number
of components. It also should be appreciated that one or more
of the operations described herein may not be employed 1n a
given implementation.

As represented by block 202 of FIG. 2, the access terminal
102 repeatedly conducts intra-frequency measurements over
time to 1dentily nearby cells on the used frequency. In the
simplified example of FIG. 1, intra-frequency measurements
based on signals transmitted by one or more cells of the access
point 108 are represented by the dashed line 124. It should be
appreciated that similar measurements may be conducted
based on signals received from cells of other access points on
frequency F0. In conjunction with these measurements, the
access terminal 102 determines one or more quality metrics
associated with received signals from each of the cells on F0.
Here, a quality metric may comprise, for example, an indica-
tion of recerved pilot strength (e.g., Ec/lo), an indication of
received signal code power (RSCP), or some other suitable
metric.

As represented by block 204, the access terminal 102
selects a set of cells to be included in the active set 116 based
on, for example, the quality metrics associated with the cells
identified at block 202. For example, the access terminal 102
may include the cells having the best signal quality in the
active set 116. Here, the number of cells included 1n the active
set may be constrained by a maximum active set size. Based
on intra-frequency measurements made over time, the access
terminal 102 maintains the active set 116 by adding and
removing cells on the network entity’s request, as the relative
quality of the recerved signals from those cells improves and
degrades.

As represented by block 206, the access terminal 102 also
conducts inter-frequency measurements to 1dentity nearby
cells on each non-used frequency. For example, for each
frequency F1-FN, the access terminal 102 may identity the
macro cells and HNBs on that frequency and determine qual-
ity metrics of those macro cells and HNBs based on the
signals recerved at the access terminal 102. In the simplified
example of FIG. 1, inter-frequency measurements based on
signals transmitted by one or more cells of the access point
110 are represented by the dashed line 126. Similarly, inter-
frequency measurements based on signals transmitted by one
or more cells of the access points 104 and 106 are represented
by the dashed lines 128 and 130, respectively. It should be
appreciated that similar measurements may be conducted
based on signals received from cells of other access points
(not shown) on each non-used frequency.

Asrepresented by block 208, the access terminal 102 main-
tains the VASs 118 based on the inter-frequency measure-
ments of block 206 and the CELL INFO LIST 122. For
example, the access terminal 102 may select the macro cells
to be included 1n the VAS 118 for a given non-used frequency
based on the signal quality associated with a set of macro cells
that: 1) were 1dentified on that frequency at block 206; and 2)
are present 1n the CELL_INFO_LIST 122.

The VAS 118 1s updated by the access terminal 102 in
accordance with the occurrence of certain events (e.g., 3GPP
Events 1a, 1b, and 1c¢). Here, Event 1a 1s used to add a cell to
the VAS 118, FEvent 1b 1s used to remove a cell from the VAS
118, and Event 1c¢ 1s used to replace a cell in the VAS 118.
These events are triggered based on the intra-frequency mea-
surements made by the access terminal 102. That 1s, when
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changes occur 1n certain measurement quantities correspond-
ing to cells on the frequency associated with a given VAS 118,
the access terminal 102 executes an appropriate change 1n the
VAS 118 to add, delete, or replace a cell 1n accordance with
the event. For example, when a measurement quantity corre-
sponding to a cell that 1s not amember of the VAS 118 exceeds
a certain threshold, an Event 1a may be triggered and that cell
may be added to the VAS 118. When a measurement quantity
corresponding to a cell that 1s a member of the VAS 118 falls
below a certain threshold, an Event 1b may be triggered and
that cell may be removed from the VAS. When a measurement
quantity corresponding to a cell that 1s not a member of the
VAS 118 exceeds a certain threshold and the active set 1s full,
an Event 1¢ may be triggered to replace a cell in the VAS 118
with a new cell.

As represented by block 210, the access terminal 102 main-
tains the HNB VASs 120 based on the intra-frequency mea-
surements of block 206 and the CELL INFO CSG LIST
124. For example, the access terminal 102 may select the
HNBs to be included in the HNB VAS 120 for a given non-
used frequency based on the signal quality associated with a
set of HNBs that: 1) were identified on that frequency at block
206; and 2) are present in the CELL_INFO_CSG_LIST 124.

As represented by block 212, the access terminal 102 uses
the active set 116, the VASs 118, and the HNB VASs 120 to
repeatedly (e.g., periodically) generate quality estimates for
cach frequency over time. Specifically, the access terminal
102 conducts measurements for the cells listed 1n the active
set 116 to provide a quality estimate for the used frequency.
For example, the frequency quality estimate may be com-
puted based on an average of the power levels of all the cells
listed 1n the active set 116. The access terminal 102 also
conducts measurements for the cells listed in the VASs 118 to
provide first cell(s) quality estimate (non-HNB-based quality
estimate) for each of the non-used frequencies. Here, a qual-
ity estimate for a given frequency may be computed based on,
for example, an average of the power levels of all the cells
listed 1n the VAS 118 for that frequency. An example of a
computation of a frequency quality estimate for a VAS 1s
described in 3GPP TS 25.331, Section 14.2.0b. Finally, the
access terminal 102 conducts measurements for the cells
listed 1n the VASs 120 to provide a second quality estimate
(HNB-based quality estimate) for each of the non-used ire-
quencies. As discussed 1n more detail below, a HNB-based
quality estimate for a given frequency may be based on sig-
nals received from a single HNB on that frequency (e.g., the
only cell or the best cell listed 1n the corresponding HNB VAS
120).

As represented by block 214, once the frequency quality
estimates are generated, a mobility event may be triggered 1f
specified conditions relating to those estimates are met. For
example, an inter-frequency event may be triggered 1f the
quality estimate for a non-used frequency 1s above a thresh-
old, 1s below a threshold, or exceeds the quality estimate for
the used frequency. Also, triggering of such an event may be
based on whether the quality estimate for a non-used ire-
quency exceeds a threshold for a particular duration of time.

As a specific example, the frequency quality estimates
discussed above are used to determine 11 the access terminal
102 should send measurement reports to the network. The
network may then use the measurement report information to
determine whether the access terminal 102 should be handed-
over to a cell (or set of cells) operating on a non-used fre-
quency. For example, handover of an access terminal to a
current non-used frequency may be triggered 11 the frequency
quality estimate of the non-used frequency exceeds the fre-
quency quality estimate of the used frequency by at least a




US 8,873,440 B2

9

defined amount for at least a defined period of time. In a
typical implementation, the defined amount corresponds to a
hysteresis parameter and the defined period of time corre-
sponds to a time-to-trigger (1T'1T) parameter.

Several sample scenarios that 1llustrate advantages of using
dedicated HNB VASs follow. In a first scenario, the access
terminal 102 1s only subscribed for macro cell access 1n the
current zone. Here, 11 the access terminal 102 1s currently
being served by the access point 108 and other access points
on F0, the access terminal 102 may conduct measurements on
the cells listed in the active set 116 and the VASs 118 to
provide quality estimates for each frequency. Advanta-
geously, no HNBs are listed in any of these sets. Conse-
quently, the access terminal 102 1s able to trigger the sending
ol a measurement report based solely on macro cell quality
estimates. As a result, 1f an inter-frequency handover (e.g., to
the frequency on which the access point 110 1s operating) 1s
indicated by the network based on such a measurement
report, there 1s a greater likelihood that the handover waill
result 1n better service for the access terminal 102 as com-
pared to an implementation where the frequency quality esti-
mates are also based on HNBs (e.g., where HNBs and macro
cells are included 1n the same VAS). This 1s because, 1n the
first scenario, the presence of any HNBs on the target fre-
quency will not affect the quality estimate for the macro cells
on that frequency.

In a second scenario, the access terminal 102 is subscribed
for HNB access 1n the current zone. Here, 1f the access ter-
minal 102 1s currently being served by the access point 108
and other access points on F0, the access terminal 102 may
conduct measurements on the cells listed 1n the active set 116,
the VASs 118, and the HNB VASs 120 to provide quality
estimates for each frequency. In this case, separate quality
estimates are provided for HNBs and non-HNBs on the non-
used frequencies. Thus, a decision to trigger a measurement
report may be based on a first set of quality estimates for
macro cells on the non-used frequencies and a second set of
quality estimates for HNBs on the non-used frequencies. As a
result, 1f an inter-frequency handover i1s indicated based on
reporting of the second set of quality estimates (HNBs only),
there 1s a greater likelihood that the handover will result in
better service for the access terminal 102 (which 1s interested
in HNB coverage) as compared to an implementation where
the frequency quality estimate for that frequency 1s also based
onmacro cells. Inthis case, the presence of any macro cells on
that frequency will not atfect the quality estimate correspond-
ing to the HNBs on that frequency.

With the above 1n mind, a more detailed example of how a
dedicated HNB VAS may be maintained and used will be

described with reference to FIG. 3. Brietly, blocks 302 and
304 relate to configuring an access terminal to provide a HNB
VAS, blocks 306 and 308 relate to maintaining a HNB VAS,
and blocks 310-314 relate to using the HNB VAS for inbound
mobility of the access terminal.

In some implementations, the initialization and/or mainte-
nance of a HNB VAS may be similar to the imitialization
and/or maintenance of a conventional VAS. For example, an
access terminal may set up a HNB VAS when 1t receives a
measurement control message for HNB measurements that
includes the information element (IE) “Inter-frequency set
update”.

As represented by block 302 of FIG. 3, at some point 1n
time, the network configures the access terminal with a list of
cells (e.g., a CSG Inter-frequency cell info list and/or a CSG
Intra-frequency cell info list) that the access terminal uses to
configure the CELL_INFO_CSG_LIST. For example, the

access terminal may receive this list (e.g., m an IE) via a
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measurement control message, a configuration message, or
some other suitable message sent by a suitable network entity
(e.g., a radio network controller (RNC)).

As represented by block 304, at various points 1n time, the
access terminal receives messages (€.g., measurement control
messages) from the network that instruct the access terminal
to perform inter-frequency measurements on one or more
specified frequencies. This message may specily when the
measurements are to occur (e.g., periodically) and how the
measurements are to be reported (e.g., periodically or event-
triggered). In some 1mplementations, the list of cells that 1s
used to configure the CELL_INFO_CSG_LIST described at
block 302 may instead be included in the message of block
304. Such messages may be similar to, for example, the
measurement control messages as specified in 3GPP TS
25.367, Section 8.1.

As represented by block 306, the access terminal conducts
measurements on one of the specified frequencies by recerv-
ing signals on that frequency and processing the signals to
identify the signals from HNBs and non-HNBs (e.g., based on
cell 1dentifiers of the cells or the PSCs used by the cells).
These recerved signals may comprise, for example, pilot sig-
nals or some other suitable signals broadcast by the cells.

As represented by block 308, the access terminal maintains

a HNB VAS for each frequency based on the signals recerved
from the HNBs at block 306, where the HNB VAS only

includes cells present 1n the CELL_INFO_CSG_LIST.
Accordingly, the type of cells present 1n the HNB VAS 1s
restricted to HNBs (e.g., CSG cells, hybnid cells, and open
HNBs). The HNB VAS may be updated based on the occur-
rence of certain events. In some implementations, an access
terminal uses measurement criteria defined for 3GPP Event
la, Event 1b, or Event 1c¢ to control membership 1n a HNB
VAS. For example, i the measurement quantity correspond-
ing to a HNB that 1s not currently in the HNB VAS exceeds a
specified Event 1a threshold, an Event 1a may be triggered
whereby that HNB 1s added to the HNB VAS. Similar opera-
tions may be performed to remove a cell (Event 1b) or replace
a cell (Event 1c).

As discussed herein, 1n some implementations, the HNB
VAS may 1dentily a single cell (HNB) that 1s to be used for the
frequency quality estimate. Accordingly, the network (e.g.,
suitable network entity such as an RNC) may configure t_’le
HNB VAS to support this desired behavior. In some cases, the
s1ze of the HNB VAS 1s predefined by the network to have a
sizeol 1 (1.e., asize of 1 cell). In other cases, the network does
not restrict the size of the HNB VAS to 1 (1.e., the HNB VAS
may 1nclude 1 or more members). In these other cases, how-
ever, the access terminal 1dentifies one cell (e.g., the best cell)
from the HNB VAS, whereby only that cell 1s used for the
frequency quality estimate.

An access terminal will therefore maintain a HNB VAS 1n
different ways depending on how the HNB VAS is imple-
mented. For example, for an implementation where the size of
the HNB VAS 1s restricted to 1, the addition of a new cell will
result 1n the removal of the prior cell. This scenario 1s
described in more detail below 1n conjunction with FIG. 4.
For an implementation where the size of the HNB VAS 1s not
restricted to 1, the addition of a new cell may or may not result
in the removal of a cell (depending on any size restrictions for
the HNB VAS). However, the addition of anew cell may result
in the identification of a new best cell. This scenario is
described in more detail below 1n conjunction with FIG. 5.

As represented by block 310 of FIG. 3, the access terminal
uses the HNB VAS for a given non-used frequency to generate
a quality estimate for that frequency. For implementations
where the HNB VAS has a size=1, this may ivolve, for
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example, measuring a specified quality metric of the cell. For
implementations where the HNB VAS has a size >1, this may
involve, for example measuring a specified quality metric of
the best cell in the HNB VAS. Such a quality metric may
comprise, for example, Ec/lo, RSCP, or some other suitable
metric.

As represented by block 312, the access terminal sends a
measurement report to the network whenever such a report 1s
triggered. For example, the sending of a measurement report
may be triggered 1f the HNB-based frequency quality esti-
mate of a non-used frequency exceeds a threshold (e.g., a
3GPP 2x event threshold). This measurement report may
include an indication of any frequency quality estimate that
triggered the report.

As represented by block 314, the network (e.g., an RNC)
may initiate inter-frequency handover 1f a handover trigger 1s
indicated by the measurement report. For example, handover
may be triggered 1f the HNB-based frequency quality esti-
mate of a non-used frequency exceeds the frequency quality
estimate of the currently used frequency in the manner dis-
cussed above at block 216.

More eflective access terminal mobility may be achieved
by using a single HNB from a HNB VAS to generate a ire-
quency quality estimate as taught hereimn. For example,
according to current 3GPP standards, inbound mobility from
a macro cell to a Home NodeB only supports a hard handover,
not a soft handover. That 1s, a simultaneous connection
between a macro cell and a Home NodeB 1s not allowed.
Thus, according to the existing standards, when camped on a
Home NodeB cell, the active set cannot be greater than one
cell. Consequently, there 1s little benefit to be obtained by
combining the power levels of a plurality of cells in a HNB
VAS (CSG VAS) to obtain a frequency quality estimate for
that VAS. Rather, 1n accordance with the teachings herein, a
more useful frequency quality estimate for such a VAS cor-
responds only to one cell. Thus, with respect to event-based
triggering, the inter-frequency events (also Irequently
referred to 1n 3GPP as 2x events) corresponding to a HNB
VAS are preferably triggered based on the measurements
corresponding to just one HNB (e.g., one CSG cell). In other
words, the frequency quality estimate 1s preferably restricted
to only one cell as taught herein, and not a combination of
cells.

FIG. 4 illustrates a more detailed example of how a HNB
may be selected for a HNB VAS that has a predefined size of
1. This example describes one iteration of a process for 1den-
tifying a best cell on one frequency. In practice, these opera-
tions are performed on a repeated basis (e.g., periodically)
and for each non-used frequency.

As represented by block 402, at various points 1n time, the
access terminal receives signals on a specified frequency. For
example, the access terminal may conduct periodic measure-
ments on a frequency specified by a measurement control
message that was received from the network. In a case where
there are nearby HNBs operating on that frequency, the
access terminal will receive signals (e.g., pilot signals) from
those HNBs.

As represented by block 404, the access terminal 1dentifies
a plurality of cells (HNBs) that sent the signals that were
received at block 402. A HNB may be 1dentified, for example,
based on the PSC used by the HNB (e.g., for the pilot signal),
based on a cell identifier included 1n the signal, or based on
some other identification technique. For subsequent steps of
the process of FIG. 4, only those HNBs that are listed 1n the
CELL INFO CSG LIST are considered.

As represented by blocks 406 and 408, the access terminal
identifies the best cell of the plurality of cells that were 1den-
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tified at block 404 and includes that best cell in the HNB VAS.
Here, the 1dentification of the best cell 1s based on defined
measurement criteria such as, for example, the measurement

criteria specified for 3GPP Event 1a. Thus, the best cell may

be defined based on which cell 1s associated with one or more
ol: the best signal power, the highest Ec/Io, the highest signal-
to-noise ratio, the lowest path loss, or some other criterion.
In some cases, the 1dentification of the best cell involves
substituting a new cell for the cell that 1s currently 1n the HNB
VAS. For example, an initial measurement may indicate that
HNB 1 has the strongest received signal strength of all the
HNBs under consideration, whereby HNB 1 1s placed in the
HNB VAS. A subsequent measurement may indicate, how-
ever, that HNB 2 has the strongest recerved signal strength of
all the HNBs under consideration (e.g., including HNB 1). In

this case, block 408 1nvolves replacing HNB 1 with HNB 2.

Typically, the selection of a new best cell involves deter-
mining whether the measurements of a candidate best cell
exceed the measurements of the current best cell based on
certain criteria. For example, a change 1n the best cell may not
be made unless the quality of the candidate best cell exceeds
the quality of the current best cell by at least a defined amount
for at least a defined period of time. This aspect of selecting a
new best cell 1s described 1n more detail below 1n conjunction
with block 508 of FIG. 5.

As represented by block 410 of FIG. 4, at some point 1n
time, the access terminal sends a measurement report includ-
ing the quality estimate for the sole HNB 1nthe HNB VAS (the
best cell) to the network. The sending of this report may be
triggered based on various criteria as discussed herein. For
example, a report may be sent whenever the estimated quality
associated with the HNB 1n the HNB VAS exceeds a thresh-
old. As another example, a report may be sent whenever a new
HNB 1s switched into the HNB VAS.

As mentioned above, mn some 1implementations, a dedi-
cated HNB VAS may be allowed to have more than one HNB.
For example, 1t may be desired to preserve the potential for

future 3GPP systems to implement soft handover to Home
NodeBs, from Home NodeBs, and between Home NodeBs.

Thus, 1n accordance with the teachings herein, a HNB VAS
(e.g., a Home NodeB VAS) need not be restricted to a size of
only one cell. In this case, the access terminal 1s configured to
select one cell from among a plurality of HNBs 1n the HNB
VAS from which to base the frequency quality estimate.
According to a further aspect of the disclosure, the frequency
quality estimate 1s based on the best cell in the HNB VAS
(e.g., the cell with the highest measurement result).

FIG. 5 illustrates a scheme where a HNB VAS 1s not
restricted to a size of 1. In this example, the frequency quality
estimate 1s limited to a measurement quantity associated with
the best cell of the HNB VAS by controlling the weight
parameter W described in Equation 1 below. Equation 1
describes the computation of a frequency quality estimate for

cells 1n a VAS corresponding to frequency 1, as defined in TS
25.331, Section 14.2.0b.

erfqufnﬂyj = 10- IGngFE{}'HEHﬂy j = EQUATION |
"(NAJF h
W;-10-log Z Mij [+ (1 = W;)-10-logM ey ;.
=1 /
where:
Qﬁ_e Jency J 1s the estimated quality of the VAS on frequency
J;
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M 1s the estimated quality of the VAS on frequency

frequency j
J5

M, ; 1s a measurement result of cell 1 in the VAS on fre-

quency J;
Ny, 1s the number of cells 1n the VAS on frequency 1;

Mz, ;1s the measurement result of the cell in the VAS on

frequency 1 with the highest measurement result; and

W, 1s a parameter sent from UTRAN to a UE and used for
frequency j.

Conventionally, the parameter W 1s provided from the net-
work to the access terminal and 1s used 1n the calculation of
the frequency quality estimate. Specifically, the W parameter
1s used to enable the access terminal to weigh cells 1n the
active set or the VAS differently when calculating the fre-
quency quality estimate. Thus, when the cells 1n the VAS are
combined to obtain the frequency quality estimate, the cells
are weighed according to the parameter W. Measurements
corresponding to the best cell at a particular frequency are
multiplied by (1-W), and measurements corresponding to
cach of the remaining cells at that frequency are multiplied
directly by W.

Thus, setting the parameter W to zero causes the frequency
quality estimate to be equivalent to the measurement result of
the cell 1n the HNB VAS on that frequency with the best
measurement result. That 1s, 11 the parameter W 1s set to O,
then the access terminal will only consider the measurement
obtained from the best cell, and will give a weight ot O to all
other cells in the HNB VAS. Using this mechanism, the size of
the HNB VAS may be configurable, and may take values of
greater than one cell; however, the frequency quality estimate
depends only upon one cell (e.g., the best cell) in the HNB
VAS when W 1s set to 0.

However, since a HNB may be a very small cell, the HNB’s
quality as seen by a non-stationary access terminal may
increase and decrease very rapidly. This may introduce 1nsta-
bility into the frequency quality estimate because 1t 1s likely
that such an estimate that only depends on one HNB may
fluctuate more rapidly over time than an estimate that depends
on a number of cells. With such a potentially unstable and
fluctuating frequency quality estimate, 1t 1s possible that 2x
events (that are triggered by this estimate) may be triggered
prematurely or wholly unnecessarily. These undesirable trig-
gers, 1n turn, may lead to unnecessary measurement report
messages being transmitted by the access terminal, and other
unwanted consequences.

Theretfore, according to an aspect of the present disclosure,
when the parameter W 1s set to 0, a timer that 1s being used to
count the T'T'T for the 2x event may be reset whenever the cell
designated as the “best” cell in the HNB VAS changes. For
example, 1f the TTT timer 1s counting to 300 ms, the timer
may be reset to zero and start 1ts count over again whenever
the best cell inthe HNB VAS changes. In this fashion, the TTT
may be extended such that, even though the frequency quality
estimate for a particular HNB VAS exceeds the corresponding
threshold for a time greater than the TT'T, the 2x event 1s not
triggered until the frequency quality estimate for that HNB
VAS exceeds the threshold, and the cell designated as the best
cell in the HNB VAS does not change, for a time greater than
the TT'T.

According to a further aspect of the present disclosure, also
applicable when the parameter W 1s set to 0, the changing of
the cell designated as the best cell in the HNB VAS uses the
hysteresis and TT'T specified for 3GPP Event 1c. As discussed
above, Event 1c¢ 1s an event triggered 1n the access terminal
which results 1n a cell being replaced 1n a VAS. An example of

the hysteresis for Event 1¢ 1s described 1n 3GPP TS 235.331,
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Section 14.1.5.1. An example of the time-to-trigger (T'TT) of
Event 1c 1s described 1n 3GPP TS 25.331, Section 14.1.5.2.

In general, hysteresis 1s employed to add a suitable quantity
to the threshold that 1s used to determine 1f the measurement
quantity of a cell exceeds that of the best cell in the HNB VAS.
Using hysteresis makes the selection of a new best cell more
stable and less susceptible to small-valued fluctuations 1n the
measurement quantities of HNB signals. Further, using the
TTT of Event 1c¢ further stabilizes the designation of the best
cell in the HNB VAS. That 1s, short-duration fluctuations in
the measurement quantities associated with HNB signals are
prevented from causing a change 1n the designation of a best

cell in cases where these fluctuations do not exceed the dura-
tion of the TTT.

In some aspects of the disclosure, the hysteresis may be
combined with the TTT such that the measurement quantity
of a candidate best cell must exceed the measurement quan-
tity of the current best cell by the hysteresis amount for a

duration at least equal to the TTT to become designated as a
new best cell in the HNB VAS. In other aspects of the disclo-
sure, the hysteresis may be combined with the TTT such that
once the measurement quantity of the candidate best cell
exceeds the measurement quantity of the current best cell by
the hysteresis amount, a timer starts, and as long as the mea-
surement quantity of the candidate best cell exceeds the cor-
responding measurement quantity of the current best cell (1.e.,
not necessarily greater than the hysteresis amount for the
entire time) for a duration at least equal to the TTT, the
candidate best cell will become the new best cell in the HNB
VAS.

Thus, to summarize, according to some aspects of the
present disclosure, the parameter W 1s set to 0 when desired.
When the parameter W 1s set to 0, a timer used to determine a
TTT fora2x eventis reset when the cell designated as the best
cell in the HNB VAS changes. Further, when the parameter W
1s set to 0, the determination to change the cell designated as
the best cell 1n the HNB VAS uses the same hysteresis and
TTT as used 1n Event 1c.

Retferring to FIG. 5, sample operations that may be per-
formed by an access terminal to provide the above function-
ality will now be described. This example describes the
operations pertormed for one frequency. In practice, these
operations are performed on a repeated basis (e.g., periodi-
cally) for each non-used frequency.

As represented by block 502, a weight parameter 1s set to a
defined value (e.g., a zero value) to cause only one cell (HNB)
present in the HNB VAS to be used for inter-frequency event
reporting. For example, 11 the weight parameter W of Equa-
tion 1 1s set to 0, the resulting quality estimate for frequency
11s based solely on a measurement of the best cell of the HNB
VAS for frequency 3. In some implementations, the network
(e.g., an RNC) configures the weight parameter used by the
access terminals 1n the network by sending an appropriate
configuration message. For example, the network may send a
measurement control message that includes an IE that speci-
fies the value of the weight parameter.

As represented by block 504, the access terminal conducts
measurements to generate the mitial HNB VAS for the speci-
fied frequency, whereby the HNB VAS 1s allowed to include
more than one cell (HNB). As discussed herein, the number of
HNBs 1n the HNB VAS may depend on a defined maximum
s1ze for the HNB VAS and on the number of HNBs listed 1n
the CELL_INFO_CSG_LIST that are in the vicinity of the
access terminal and are, therefore, measurable by the access
terminal. In addition, an initial best cell of the HNB VAS 1s
identified.




US 8,873,440 B2

15

Blocks 506-514 describe sample operations where the
access terminal repeatedly (e.g., periodically) measures cell
quality on a given non-used frequency and updates the best
cell of the HNB VAS whenever such an update 1s called for. As
represented by block 506, the access terminal conducts mea-
surements on the specified frequency as discussed herein
(e.g., measuring Ec/Io or RSCP of pilot signals from HNBs).

As represented by blocks 508 and 510, the access terminal
determines whether there 1s a new best cell for the HNB VAS.
For example, the access terminal may determine whether a
measured quality (e.g., corresponding to at least one measure-
ment criterion specified for 3GPP Event 1a) associated with a
candidate best cell exceeds a measured quality associated
with the current best cell by at least a defined amount for at
least a defined period of time. As discussed above, this
defined amount may comprise the hysteresis parameter
defined for Event 1¢ and this defined period of time may
comprise the TTT parameter defined for Event 1c.

As represented by block 512, 1f the test ol block 508 1s met,
the access terminal changes the best cell for the HNB VAS. As
represented by block 514, 1n conjunction with this change, the
access terminal resets the T'T'T parameter for inter-frequency
event reporting (e.g., resets TT'T for 2x events).

Referring now to FIG. 6, a system that uses Equation 1 or
a stmilar algorithm to generate a frequency quality estimate as
discussed above may readily switch to a scheme whereby the
frequency quality estimate 1s based on measurement quanti-
ties associated with more than one of the HNBs in the HNB
VAS. For example, by setting the weight parameter W of
Equation 1 to a non-zero value, measurement quantities of all
of the HNBs 1n the HNB VAS are taken into account to
provide the frequency quality estimate. In this way, such a
system may be configurable to support soit handover to, from,
and between Home NodeBs or other similar cells (e.g., in the
event this soft handover 1s supported 1n a future version of the
3GPP standard).

Accordingly, as represented by block 602, a weight param-
eter 1s set to a defined value (e.g., a non-zero value) to cause
more than one cell (HNB) present 1n the HNB VAS to be used
for inter-frequency event reporting. For example, 1l the
welght parameter W of Equation 1 1s setto 0.5, aweight o1 0.5
1s applied to the best cell of the HNB VAS and to the remain-
ing cells of the HNB VAS. Thus, the resulting quality estimate
for frequency 7 1s based on a measurement of each cell of the
HNB VAS.

As represented by block 604, the access terminal therefore
maintains a HNB VAS for each specified frequency, whereby
cach HNB VAS is allowed to include more than one HNB.
When the parameter W 1s not set to 0, the techniques
described above relating to hysteresis and TTT need not be
used. That 1s, the resetting of a timer corresponding to the
TTT of the 2x event when the best cell 1n the HNB VAS
changes, and the hysteresis and the TTT of Event 1¢ being
used for the change of the best cell in the HNB VAS, may not
apply.

As represented by block 606, measurement reports sent by
the access terminal may thus be based on measurements of
multiple cells listed 1n the HNB VAS. For example, when
Equation 1 1s used, the frequency quality estimates reported
in the reports may be based on weighted measurements of all
of the cells of the HNB VAS. Moreover, the trigger for send-
ing a measurement report may be based on comparison of
such a frequency quality estimate with a threshold.

In implementations that support soft handover for HNBs,
the access terminal may maintain a connection (e.g., a radio
link) with each cell listed 1n the access terminal’s active set,
where the active set also may include HNBs. Consequently, a
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trigger for performing a HNB soit handover (block 608) may
be based on comparison of: 1) a frequency quality estimate
for anon-used frequency that may be based on measurements
of multiple HNBs; with 2) a frequency quality estimate for the
used frequency that also may be based on measurements of
multiple HNBs.

The VAS-related techniques described herein may be
implemented 1n a variety of ways 1n different implementa-
tions. For example, the teachings herein may be employed in
different types of networks (e.g., other than UMTS or LTE).
Also, different types of parameters (e.g., other than the CEL-
L_INFO_CSG_LIST) may be used to maintain a HNB VAS.

r

T'he teachings herein may be applicable to other types of
cells and access points. For example, a dedicated VAS may be
maintained for some other types of cells and access points that
support restricted access (e.g., restricted access that 1s not
based on the CSG concept) or smaller coverage areas. Also, a
plurality of dedicated VASs may be maintained for different
types of cells. For example, a dedicated CSG VAS may only
include CSG cells, a dedicated hybrid VAS may only include
hybrid cells, a dedicated open HNB VAS may only include
open HNBs, and so on. Accordingly, 1t should be understood
that the structure and operations described herein with refer-
ence to a HNB and a HNB VAS may be equally applicable to
some other type of cell and VAS.

FIG. 7 1llustrates several sample components (represented
by corresponding blocks) that may be incorporated into nodes
such as an access terminal 702 and a network entity 704 (e.g.,
corresponding to the access terminal 102 and the network
entity 112, respectively, of FIG. 1) to perform handover-
related operations as taught herein. The described compo-
nents also may be mncorporated into other nodes 1n a commu-
nication system. For example, other nodes 1n a system may
include components similar to those described for the access
terminal 702 and the network entity 704 to provide similar
functionality. Also, a given node may contain one or more of
the described components. For example, an access terminal
may contain multiple transcerver components that enable the
access terminal to operate on multiple frequencies (e.g., oper-
ate on different frequency bands associated with different
nominal carrier frequencies) and/or communicate via ditler-
ent technologies.

As shown 1n FIG. 7, the access terminal 702 includes a
transceiver 706 for communicating with other nodes. The
transcerver 706 may include one or more transmit chains each
of which includes a transmaitter 708 for sending signals (e.g.,
messages, indications), and one or more receive chains each
of which includes a recerver 710 for receiving signals (e.g.,
messages, indications, pilot signals).

The network entity 704 includes a network interface 712
for communicating with other nodes (e.g., network entities).
For example, the network interface 712 may be configured to
communicate with one or more network entities via a wire-
based or wireless backhaul. In some aspects, the network
interface 712 may be implemented as a transcerver (e.g.,
including transmitter and recerver components) configured to
support wire-based or wireless communication. Accordingly,
in the example of FIG. 7, the network interface 712 1s shown
as comprising a transmitter 714 for transmitting signals (e.g.,
messages) and a receiver 716 for receiving signals (€.g., mes-
5ages ).

The access terminal 702 and the network entity 704 also
include other components that may be used 1n conjunction
with handover-related operations as taught herein. For
example, the access terminal 702 may include a handover
controller 718 for performing handover-related operations
(e.g., maimntaining a VAS for HNBs, 1dentifying cells, 1denti-
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tying a best cell, including the best cell 1n the VAS, calculat-
ing a frequency quality estimate, setting a weight parameter
to a defined value, selecting a cell as a best cell, changing the
best cell, resetting a TTT parameter) and for providing other
related functionality as taught herein. Similarly, the network
entity 704 may include a handover controller 720 for per-
forming handover-related operations (e.g., configuring
access terminals, mnitiating handover, mstructing an access
terminal to maintain a VAS for HNBs, defining and providing,
cell information fora CELL_INFO_CSG_LIST, defining and
sending a weight parameter) and for providing other related
functionality as taught herein. The access terminal 702 and
the network entity 704 also may include communication con-
trollers 722 and 724, respectively, for controlling communi-
cations (e.g., sending and receiving messages) and for pro-
viding other related functionality as taught herein. Also, the
access terminal 702 and the network entity 704 include
memory components 726 and 728 (e.g., each including a
memory device), respectively, for maintaining information

(e.g., active set and VAS information, CELL_INFO_CS-
G_LIST information, weight parameter information).

For convenience the access terminal 702 and the network
entity 704 are shown 1n FIG. 7 as including components that
may be used 1n the various examples described herein. In
practice, the functionality of one or more of these blocks may
be different 1in different embodiments. For example, the func-
tionality of block 718 may be different in a deployment
implemented according to FIG. 5 as compared to a deploy-
ment implemented according to FIG. 6.

The components of FIG. 7 may be implemented in various
ways. In some implementations the components of FIG. 7
may be implemented 1n one or more circuits such as, for
example, one or more processors and/or one or more ASICs
(which may include one or more processors). Here, each
circuit (e.g., processor) may use and/or incorporate data
memory for storing information or executable code used by
the circuit to provide this functionality. For example, some of
the functionality represented by block 706 and some or all of
the functionality represented by blocks 718 and 722 may be
implemented by a processor or processors of an access ter-
minal and data memory of the access terminal (e.g., by execu-
tion of appropriate code and/or by appropriate configuration
of processor components). Similarly, some of the functional-
ity represented by block 712 and some or all of the function-
ality represented by blocks 720 and 724 may be implemented
by a processor or processors of a network entity and data
memory of the network entity (e.g., by execution of appro-

priate code and/or by appropriate configuration of processor
components).

As discussed above, 1n some aspects the teachings herein
may be employed 1n a network that includes macro scale
coverage (e.g., a large area cellular network such as a 3G
network, typically referred to as a macro cell network or a
WAN) and smaller scale coverage (e.g., a residence-based or
building-based network environment, typically referred to as
a LAN). As an access terminal (AT) moves through such a
network, the access terminal may be served 1n certain loca-
tions by access points that provide macro coverage while the
access terminal may be served at other locations by access
points that provide smaller scale coverage. In some aspects,
the smaller coverage nodes may be used to provide incremen-
tal capacity growth, mn-building coverage, and different ser-
vices (e.g., for a more robust user experience).

In the description herein, a node (e.g., an access point) that
provides coverage over a relatively large area may be referred
to as a macro access point while a node that provides coverage
over a relatively small area (e.g., a residence) may be referred
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to as a femto access point. It should be appreciated that the
teachings herein may be applicable to nodes associated with
other types ol coverage areas. For example, a pico access
point may provide coverage (€.g., coverage within a commer-
cial building) over an area that 1s smaller than a macro area
and larger than a femto area. In various applications, other
terminology may be used to reference a macro access point, a
femto access point, or other access point-type nodes. For
example, a macro access point may be configured or referred
to as an access node, base station, access point, eNodeB,
macro cell, and so on. Also, a femto access point may be
configured or referred to as a Home NodeB, Home eNodeB,
access point base station, femto cell, and so on. In some
implementations, a node may be associated with (e.g.,
referred to as or divided 1nto) one or more cells or sectors. A
cell or sector associated with a macro access point, a femto
access point, or a pico access point may be referred to as a
macro cell, a femto cell, or a pico cell, respectively.

FIG. 8 1llustrates a wireless communication system 800,
configured to support a number of users, 1n which the teach-
ings herein may be implemented. The system 800 provides
communication for multiple cells 802, such as, for example,
macro cells 802A-802G, with each cell being serviced by a
corresponding access point 804 (e.g., access points 804 A-
804G). As shown in FIG. 8, access terminals 806 (e.g., access
terminals 806 A-806L.) may be dispersed at various locations
throughout the system over time. Each access terminal 806
may communicate with one or more access points 804 on a
forward link (FL) and/or a reverse link (RL) at a given
moment, depending upon whether the access terminal 806 1s
active and whether 1t 1s 1n soft handofl, for example. The
wireless communication system 800 may provide service
over a large geographic region. For example, macro cells

802A-802G may cover a few blocks 1 a neighborhood or
several miles 1n a rural environment.

FIG. 9 1llustrates an exemplary communication system 900
where one or more femto access points (HNBs) are deployed
within a network environment. Specifically, the system 900
includes multiple femto access points 910 (e.g., femto access
points 910A and 910B) installed in a relatively small scale
network environment (e.g., 1n one or more user residences
930). Each femto access point 910 may be coupled to a wide
area network 940 (e.g., the Internet) and a mobile operator
core network 950 via a DSL router, a cable modem, a wireless
link, or other connectivity means (not shown). As will be
discussed below, each femto access point 910 may be config-
ured to serve associated access terminals 920 (e.g., access
terminal 920A) and, optionally, other (e.g., hybrid or alien)
access terminals 920 (e.g., access terminal 920B). In other
words, access to femto access points 910 may be restricted
whereby a given access terminal 920 may be served by a set
of designated (e.g., home) femto access point(s) 910 but may
not be served by any non-designated femto access points 910
(e.g., a neighbor’s femto access point 910).

FIG. 10 1llustrates an example of a coverage map 1000
where several tracking areas 1002 (or routing areas or loca-
tion areas) are defined, each of which includes several macro
coverage areas 1004. Here, areas of coverage associated with
tracking areas 1002A, 10028, and 1002C are delineated by
the wide lines and the macro coverage areas 1004 are repre-
sented by the larger hexagons. The tracking areas 1002 also
include femto coverage areas 1006. In this example, each of
the femto coverage areas 1006 (¢.g., femto coverage areas
1006B and 1006C) 1s depicted within one or more macro
coverage areas 1004 (e.g., macro coverage areas 1004 A and
1004B). It should be appreciated, however, that some or all of
a femto coverage area 1006 may not lie within a macro
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coverage area 1004. In practice, a large number of femto
coverage areas 1006 (e.g., femto coverage areas 1006 A and
1006D) may be defined within a given tracking area 1002 or
macro coverage area 1004. Also, one or more pico coverage
areas (not shown) may be defined within a given tracking area
1002 or macro coverage area 1004.

Referring again to FI1G. 9, the owner of a femto access point
910 may subscribe to mobile service, such as, for example,
3G mobile service, offered through the mobile operator core
network 950. In addition, an access terminal 920 may be
capable of operating both 1n macro environments and 1n
smaller scale (e.g., residential) network environments. In
other words, depending on the current location of the access
terminal 920, the access terminal 920 may be served by a
macro cell access point 960 associated with the mobile opera-
tor core network 950 or by any one of a set of femto access
points 910 (e.g., the femto access points 910A and 910B that
reside within a corresponding user residence 930). For
example, when a subscriber 1s outside his home, he 1s served
by a standard macro access point (e.g., access point 960) and
when the subscriber 1s at home, he 1s served by a femto access
point (e.g., access point 910A). Here, a femto access point
910 may be backward compatible with legacy access termi-
nals 920.

A femto access point 910 may be deployed on a single
frequency or, i the alternative, on multiple frequencies.
Depending on the particular configuration, the single fre-
quency or one or more of the multiple frequencies may over-
lap with one or more frequencies used by amacro access point
(e.g., access point 960).

In some aspects, an access terminal 920 may be configured
to connect to a preferred femto access point (e.g., the home
temto access point of the access terminal 920) whenever such
connectivity 1s possible. For example, whenever the access
terminal 920A 1s within the user’s residence 930, 1t may be
desired that the access terminal 920 A communicate only with
the home femto access point 910A or 910B.

In some aspects, 1f the access terminal 920 operates within
the macro cellular network 950 but 1s not residing on 1ts most
preferred network (e.g., as defined 1 a preferred roaming,
list), the access terminal 920 may continue to search for the
most preferred network (e.g., the preferred femto access point
910) using a better system reselection (BSR) procedure,
which may involve a periodic scanning of available systems
to determine whether better systems are currently available
and subsequently acquire such preferred systems. The access
terminal 920 may limit the search for specific band and chan-
nel. For example, one or more femto channels may be defined
whereby all femto access points (or all restricted femto access
points) 1 a region operate on the femto channel(s). The
search for the most preferred system may be repeated peri-
odically. Upon discovery of a preferred femto access point
910, the access terminal 920 selects the femto access point
910 and registers on 1t for use when within its coverage area.

Access to a femto access point may be restricted 1n some
aspects. For example, a given femto access point may only
provide certain services to certain access terminals. In
deployments with so-called restricted (or closed) access, a
given access terminal may only be served by the macro cell
mobile network and a defined set of femto access points (e.g.,
the femto access points 910 that reside within the correspond-
ing user residence 930). In some 1implementations, an access
point may be restricted to not provide, for at least one node
(e.g., access terminal), at least one of: signaling, data access,
registration, paging, or service.

In some aspects, a restricted femto access point (which
may also be referred to as a Closed Subscriber Group Home
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NodeB) 1s one that provides service to a restricted provi-
sioned set of access terminals. This set may be temporarily or
permanently extended as necessary. In some aspects, a Closed
Subscriber Group (CSG) may be defined as the set of access
points (e.g., femto access points) that share a common access
control list of access terminals.

Various relationships may thus exist between a given femto
access point and a given access terminal. For example, from
the perspective of an access terminal, an open femto access
point may refer to a femto access point with unrestricted
access (e.g., the femto access point allows access to any
access terminal). A restricted femto access point may refer to
a femto access point that 1s restricted 1n some manner (e.g.,
restricted for access and/or registration). A home femto
access point may refer to a femto access point on which the
access terminal 1s authorized to access and operate on (e.g.,
permanent access 1s provided for a defined set of one or more
access terminals). A hybrid (or guest) femto access point may
refer to a femto access point on which different access termi-
nals are provided different levels of service (e.g., some access
terminals may be allowed partial and/or temporary access
while other access terminals may be allowed full access). An
alien femto access point may refer to a femto access point on
which the access terminal 1s not authorized to access or oper-
ate on, except for perhaps emergency situations (e.g., 911
calls).

From a restricted femto access point perspective, a home
access terminal may refer to an access terminal that 1s autho-
rized to access the restricted femto access point 1nstalled 1n
the residence of that access terminal’s owner (usually the
home access terminal has permanent access to that femto
access point). A guest access terminal may refer to an access
terminal with temporary access to the restricted femto access
point (e.g., limited based on deadline, time of use, bytes,
connection count, or some other criterion or criteria). An alien
access terminal may refer to an access terminal that does not
have permission to access the restricted femto access point,
except for perhaps emergency situations, for example, such as
911 calls (e.g., an access terminal that does not have the
credentials or permission to register with the restricted femto
access point).

For convenience, the disclosure herein describes various
functionality 1n the context of a femto access point. It should
be appreciated, however, that a pico access point may provide
the same or similar functionality for a larger coverage area.
For example, a pico access point may be restricted, a home
pico access point may be defined for a given access terminal,
and so on.

The teachings herein may be employed 1n a wireless mul-
tiple-access communication system that simultaneously sup-
ports communication for multiple wireless access terminals.
Here, each terminal may communicate with one or more
access points via transmissions on the forward and reverse
links. The forward link (or downlink) refers to the communi-
cation link from the access points to the terminals, and the
reverse link (or uplink) refers to the communication link from
the terminals to the access points. This communication link
may be established via a single-in-single-out system, a mul-
tiple-in-multiple-out IMIMO) system, or some other type of
system.

A MIMO system employs multiple (N ) transmit antennas
and multiple (N,) receive antennas for data transmission. A
MIMO channel formed by the N transmit and N, receive
antennas may be decomposed 1into N independent channels,
which are also referred to as spatial channels, where
N.=min{N,, N,}. Each of the N_ independent channels cor-
responds to a dimension. The MIMO system may provide
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improved performance (e.g., higher throughput and/or
greater reliability) 1f the additional dimensionalities created

by the multiple transmit and receive antennas are utilized.

A MIMO system may support time division duplex (TDD)

and frequency division duplex (FDD). In a TDD system, the
forward and reverse link transmissions are on the same fre-
quency region so that the reciprocity principle allows the
estimation of the forward link channel from the reverse link
channel. This enables the access point to extract transmuit
beam-forming gain on the forward link when multiple anten-
nas are available at the access point.

FIG. 11 1llustrates a wireless device 1110 (e.g., an access

point) and a wireless device 1150 (e.g., an access terminal ) of
a sample MIMO system 1100. At the device 1110, traffic data

for a number of data streams 1s provided from a data source
1112 to a transmit (1X) data processor 1114. FEach data
stream may then be transmitted over a respective transmit
antenna.

The TX data processor 1114 formats, codes, and inter-
leaves the traffic data for each data stream based on a particu-
lar coding scheme selected for that data stream to provide
coded data. The coded data for each data stream may be
multiplexed with pilot data using OFDM techniques. The
pilot data 1s typically a known data pattern that 1s processed in
a known manner and may be used at the receiver system to
estimate the channel response. The multiplexed pilot and
coded data for each data stream 1s then modulated (i.e., sym-
bol mapped) based on a particular modulation scheme (e.g.,
BPSK, QSPK, M-PSK, or M-QAM) selected for that data
stream to provide modulation symbols. The data rate, coding,
and modulation for each data stream may be determined by
instructions performed by a processor 1130. A data memory
1132 may store program code, data, and other information
used by the processor 1130 or other components of the device
1110.

The modulation symbols for all data streams are then pro-
vided to a TX MIMO processor 1120, which may further
process the modulation symbols (e.g., for OFDM). The TX
MIMO processor 1120 then provides N . modulation symbol
streams to N -transcervers (XCVR) 1122 A through 1122T. In
some aspects, the TX MIMO processor 1120 applies beam-
forming weights to the symbols of the data streams and to the
antenna from which the symbol 1s being transmatted.

Each transceiver 1122 receives and processes a respective
symbol stream to provide one or more analog signals, and
turther conditions (e.g., amplifies, filters, and upconverts) the
analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N, modulated signals
from transceivers 1122A through 11221 are then transmuitted
from N antennas 1124 A through 112471, respectively.

At the device 1150, the transmitted modulated signals are
received by N, antennas 1152A through 1152R and the

received signal from each antenna 1152 i1s provided to a
respective transceiver (XCVR) 1154 A through 1154R. E

Each
transceiver 1154 conditions (e.g., filters, amplifies, and
downconverts) a respective recerved signal, digitizes the con-
ditioned signal to provide samples, and further processes the
samples to provide a corresponding “recerved” symbol
stream.

A recerve (RX) data processor 1160 then receives and
processes the N, recetved symbol streams from N, transceiv-
ers 1154 based on a particular recerver processing technique
to provide N “detected” symbol streams. The RX data pro-
cessor 1160 then demodulates, deinterleaves, and decodes
cach detected symbol stream to recover the traffic data for the
data stream. The processing by the RX data processor 1160 1s
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complementary to that performed by the TX MIMO proces-
sor 1120 and the TX data processor 1114 at the device 1110.

A processor 1170 periodically determines which pre-cod-
ing matrix to use (discussed below). The processor 1170
formulates a reverse link message comprising a matrix index
portion and a rank value portion. A data memory 1172 may
store program code, data, and other information used by the
processor 1170 or other components of the device 1150.

The reverse link message may comprise various types of
information regarding the communication link and/or the
received data stream. The reverse link message 1s then pro-
cessed by a TX data processor 1138, which also receives
traffic data for a number of data streams from a data source
1136, modulated by a modulator 1180, conditioned by the
transceivers 1154 A through 1154R, and transmitted back to
the device 1110.

At the device 1110, the modulated signals from the device
1150 are recerved by the antennas 1124, conditioned by the
transcervers 1122, demodulated by a demodulator (DEMOD)
1140, and processed by a RX data processor 1142 to extract
the reverse link message transmaitted by the device 1150. The
processor 1130 then determines which pre-coding matrix to
use for determining the beam-forming weights then processes
the extracted message.

FIG. 11 also illustrates that the communication compo-
nents may include one or more components that perform
handover control operations as taught herein. For example, a
handover control component 1190 may cooperate with the
processor 1130 and/or other components of the device 1110
to Tacilitate handover of another device (e.g., device 1150).
Similarly, a handover control component 1192 may cooperate
with the processor 1170 and/or other components of the
device 1150 to facilitate handover of the device 1150 to
another device (not shown). It should be appreciated that for
cach device 1110 and 1150 the functionality of two or more of
the described components may be provided by a single com-
ponent. For example, a single processing component may
provide the functionality of the handover control component
1190 and the processor 1130 and a single processing compo-
nent may provide the functionality of the handover control
component 1192 and the processor 1170.

The teachings herein may be incorporated into various
types of communication systems and/or system components.
In some aspects, the teachings herein may be employed 1n a
multiple-access system capable of supporting communica-
tion with multiple users by sharing the available system
resources (€.g., by specilying one or more of bandwidth,
transmit power, coding, interleaving, and so on). For
example, the teachings herein may be applied to any one or
combinations of the following technologies: Code Division
Multiple Access (CDMA) systems, Multiple-Carrier CDMA
(MCCDMA), Wideband CDMA (W-CDMA), High-Speed
Packet Access (HSPA, HSPA+) systems, Time Di1vision Mul-
tiple Access (TDMA) systems, Frequency Division Multiple
Access (FDMA) systems, Single-Carnier FDMA (SC-
FDMA) systems, Orthogonal Frequency Division Multiple
Access (OFDMA) systems, or other multiple access tech-
niques. A wireless communication system employing the
teachings herein may be designed to implement one or more
standards, such as IS-95, ¢cdma2000, 1S-856, W-CDMA,
TDSCDMA, and other standards. A CDMA network may
implement a radio technology such as Universal Terrestrial
Radio Access (UTRA), cdma2000, or some other technology.
UTRA includes W-CDMA and Low Chip Rate (LCR). The
cdma2000 technology covers IS-2000, 1S-95 and IS-856
standards. A TDMA network may implement a radio tech-
nology such as Global System for Mobile Communications
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(GSM). An OFDMA network may implement a radio tech-
nology such as Evolved UTRA (E-UTRA), IEEE 802.11,

IEEE 802.16, IEEE 802.20, Flash-OFDM®, etc. UTRA,

E-UTRA, and GSM are part of Universal Mobile Telecom-
munication System (UMTS). The teachings herein may be
implemented 1n a 3GPP Long Term Evolution (LTE) system,
an Ultra-Mobile Broadband (UMB) system, and other types
of systems. L'TE 1s a release of UMTS that uses E-UTRA.
UTRA, E-UTRA, GSM, UMTS and LTE are described 1n
documents from an organization named “3rd Generation
Partnership Project” (3GPP), while cdma2000 1s described 1n
documents from an organization named “3rd Generation
Partnership Project 2”7 (3GPP2). Although certain aspects of
the disclosure may be described using 3GPP terminology, 1t 1s

to be understood that the teachings herein may be applied to
3GPP (e.g., Rel99, Rel3, Rel6, Rel7) technology, as well as
3GPP2 (e.g., IxRTT, 1IxEV-DO Rel0, RevA, RevB) technol-
ogy and other technologies.

In some mmplementations, the teachings herein may be
employed 1n a system based on the 3GPP Release 9 standard.
In such a system, the terminology and definitions that follow
are generally used. A Closed Subscriber Group identifies
subscribers of an operator who are permitted to access one or
more cells of the PLMN but which have restricted access
(CSG cells). A CSG cell 15 a cell, part of the PLMN, that
broadcasts a CSG Indicator that 1s set to TRUE and a specific
CSG identity. A CSG cell 1s accessible by the members of the
closed subscriber group for that CSG 1dentity. A CSG Identity
(CSG ID) 1s an 1dentifier broadcast by a CSG/Hybnid cell or
cells and used by a UE to facilitate access for authorized
members of the associated Closed Subscriber Group. A Home
NodeB 1s customer premise equipment that connects a 3GPP
UE over a UTRAN wireless air interface to a mobile opera-
tor’s network using a broadband IP backhaul. A non-CSG cell
1s a cell that 1s not a CSG cell, e.g., a macro cell. A PSC 1s a
scrambling code that may be unique to each cell. The stron-
gest cell 1s the cell on a particular carrier that 1s considered
strongest according to the layer 1 cell search procedure. As
the details of the layer 1 cell search are implementation
dependent, the precise definition of ‘strongest cell” 1s also
implementation dependent.

The teachings herein may be incorporated mto (e.g., imple-
mented within or performed by) a variety of apparatuses (e.g.,
nodes). In some aspects, a node (e.g., a wireless node) imple-
mented 1n accordance with the teachings herein may com-
prise an access point or an access terminal.

For example, an access terminal may comprise, be imple-

mented as, or known as user equipment, a subscriber station,
a subscriber unit, a mobile station, a mobile, a mobile node, a
remote station, a remote terminal, a user terminal, a user
agent, a user device, or some other terminology. In some
implementations an access terminal may comprise a cellular
telephone, a cordless telephone, a session 1mitiation protocol
(SIP) phone, a wireless local loop (WLL) station, a personal
digital assistant (PDA), a handheld device having wireless
connection capability, or some other suitable processing
device connected to a wireless modem. Accordingly, one or
more aspects taught herein may be incorporated 1into a phone
(e.g., a cellular phone or smart phone), a computer (e.g., a
laptop), a portable communication device, a portable com-
puting device (e.g., a personal data assistant), an entertain-
ment device (e.g., amusic device, a video device, or a satellite
radio), a global positioning system device, or any other suit-
able device that 1s configured to communicate via a wireless
medium.

An access point may comprise, be implemented as, or
known as a NodeB, an eNodeB, a radio network controller
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(RNC), a base station (BS), aradio base station (RBS), a base
station controller (BSC), a base transceiver station (BTS), a
transcerver function (TF), aradio transceiver, a radio router, a
basic service set (BSS), an extended service set (ESS), a
macro cell, a macro node, a Home NodeB (HNB), a Home
cNodeB (HeNB), a femto cell, a femto node, a pico node, or

some other similar terminology.

In some aspects a node (e.g., an access point) may com-
prise an access node for a communication system. Such an
access node may provide, for example, connectivity for or to
a network (e.g., a wide area network such as the Internet or a
cellular network) via a wired or wireless communication link
to the network. Accordingly, an access node may enable
another node (e.g., an access terminal) to access a network or
some other functionality. In addition, 1t should be appreciated
that one or both of the nodes may be portable or, 1n some
cases, relatively non-portable.

Also, 1t should be appreciated that a wireless node may be
capable of transmitting and/or receiving information in a
non-wireless manner (e.g., via a wired connection). Thus, a
receiver and a transmitter as discussed herein may include
appropriate communication interface components (e.g., elec-
trical or optical interface components) to communicate via a
non-wireless medium.

A wireless node may communicate via one or more wire-
less communication links that are based on or otherwise sup-
port any suitable wireless communication technology. For
example, 1n some aspects a wireless node may associate with
a network. In some aspects the network may comprise a local
area network or a wide area network. A wireless device may

support or otherwise use one or more of a variety of wireless
communication technologies, protocols, or standards such as
those discussed herein (e.g., CDMA, TDMA, OFDM,
OFDMA, WIMAX, Wi-F1, and so on). Similarly, a wireless
node may support or otherwise use one or more of a variety of
corresponding modulation or multiplexing schemes. A wire-
less node may thus include appropriate components (e.g., air
interfaces) to establish and communicate via one or more
wireless communication links using the above or other wire-
less communication technologies. For example, a wireless
node may comprise a wireless transceiver with associated
transmitter and recerver components that may include various
components (e.g., signal generators and signal processors)
that facilitate communication over a wireless medium.

By way of example and without limitation, the teaching
herein may be implemented 1n a UMTS system. FIG. 12

illustrates an example of a UMTS system 1200 employing a
W-CDMA air mterface. A UMTS network includes three

interacting domains: a Core Network (CN) 1204, a UMTS
Terrestrial Radio Access Network (UTRAN) 1202, and User
Equipment (UE) 1210. In this example, the UTRAN 1202
provides various wireless services including telephony,
video, data, messaging, broadcasts, and/or other services. The
UTRAN 1202 may include a plurality of Serving Radio Net-
work Subsystems (SRNSs) such as SRNSs 1207, each con-
trolled by a respective Radio Network Controller (RNC) such
as an RNC 1206. Here, the UTRAN 1202 may include any
number of RNCs 1206 and SRNSs 1207 1n addition to the
RNCs 1206 and SRNSs 1207 illustrated herein. The RNC
1206 1s an apparatus responsible for, among other things,

assigning, reconfiguring and releasing radio resources within
a given SRNS 1207. The RNC 1206 may be interconnected to

other RNCs (not shown) in the UTRAN 1202 through various
types ol interfaces such as a direct physical connection, a
virtual network, or the like, using any suitable transport net-
work.
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Communication between a UE 1210 and a Node B 1208
may be considered as including a physical (PHY) layer and a
medium access control (MAC) layer. Further, communica-
tion between a UE 1210 and an RNC 1206 by way of a
respective Node B 1208 may be considered as including a
radio resource control (RRC) layer. In the instant specifica-
tion, the PHY layer may be considered layer 1; the MAC layer
may be considered layer 2; and the RRC layer may be con-
sidered layer 3. Information herein utilizes terminology 1ntro-
duced 1n Radio Resource Control (RRC) Protocol Specifica-
tion, 3GPP TS 25.331 v9.1.0, which 1s hereby incorporated
by reference herein.

The geographic region covered by a gtven SRNS 1207 may
be divided 1into a number of cells, with a radio transceiver
apparatus serving each cell. A radio transceiver apparatus 1s
commonly referred to as a Node B in UMTS applications, but
may also be referred to by those skilled in the art as a base
station (BS), a base transceiver station (BTS), a radio base
station, a radio transceiver, a transcerver function, a basic
service set (BSS), an extended service set (ESS), an access
point (AP), or some other suitable terminology. For clarity,
three Node Bs 1208 are shown 1n each SRNS 1207 however,
the SRNSs 1207 may include any number of wireless Node
Bs. The Node Bs 1208 provide wireless access points to a core
network (CN) 1204 for any number of mobile apparatuses.
Examples of a mobile apparatus include a cellular phone, a
smart phone, a session initiation protocol (SIP) phone, a
laptop, a notebook, a netbook, a smartbook, a personal digital
assistant (PDA), a satellite radio, a global positioning system
(GPS) device, a multimedia device, a video device, a digital
audio player (e.g., MP3 player), a camera, a game console, or
any other similar functioning device. The mobile apparatus 1s
commonly referred to as user equipment (UE) in UMTS
applications, but may also be referred to by those skilled 1n the
art as a mobile station (MS), a subscriber station, a mobile
unit, a subscriber unit, a wireless unit, a remote unit, a mobile
device, a wireless device, a wireless communications device,
a remote device, a mobile subscriber station, an access termi-
nal (AT), a mobile terminal, a wireless terminal, a remote
terminal, a handset, a terminal, a user agent, a mobile client,
a client, or some other suitable terminology. In a UMTS
system, the UE 1210 may further include a universal sub-
scriber identity module (USIM) 1211, which contains auser’s
subscription information to a network. For illustrative pur-
poses, one UE 1210 1s shown 1n communication with a num-
ber of the Node Bs 1208. The downlink (DL), also called the
forward link, refers to the communication link from a Node B
1208 to a UE 1210, and the uplink (UL), also called the
reverse link, refers to the communication link froma UE 1210
to a Node B 1208.

The core network 1204 interfaces with one or more access
networks, such as the UTRAN 1202. As shown, the core
network 1204 1s a GSM core network. However, as those
skilled 1 the art will recognize, the various concepts pre-
sented throughout this disclosure may be implemented 1n a
R AN, or other suitable access network, to provide UEs with
access to types of core networks other than GSM networks.

The core network 1204 includes a circuit-switched (CS)
domain and a packet-switched (PS) domain. The circuit-
switched elements include a Mobile Services Switching Cen-
tre (MSC), a Visitor Location Register (VLR) and a Gateway
MSC. Packet-switched elements include a Serving GPRS
Support Node (SGSN) and a Gateway GPRS Support Node
(GGSN). Some network elements, like EIR, HLR, VLR and
AuC may be shared by both of the circuit-switched and
packet-switched domains. In the illustrated example, the core
network 1204 supports circuit-switched services with an
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MSC 1212 and a GMSC 1214. In some applications, the
GMSC 1214 may be referred to as a media gateway (MGW).
One or more RNCs, such as the RNC 1206, may be connected
to the MSC 1212. The MSC 1212 1s an apparatus that controls
call setup, call routing, and UE mobility functions. The MSC

1212 also includes a visitor location register (VLR) that con-
tains subscriber-related information for the duration thata UE

1s 1n the coverage area of the MSC 1212. The GMSC 1214
provides a gateway through the MSC 1212 for the UE to
access a circuit-switched network 1216. The GMSC 1214
includes a home location register (HLR) 12135 containing
subscriber data, such as the data reflecting the details of the
services to which a particular user has subscribed. The HLR
1s also associated with an authentication center (AuC) that
contains subscriber-specific authentication data. When a call
1s received for a particular UE, the GMSC 1214 queries the
HILR 1215 to determine the UE’s location and forwards the
call to the particular MSC serving that location.

The core network 1204 also supports packet-data services
with a serving GPRS support node (SGSN) 1218 and a gate-
way GPRS support node (GGSN) 1220. GPRS, which stands
for General Packet Radio Service, 1s designed to provide
packet-data services at speeds higher than those available
with standard GSM circuit-switched data services. The
GGSN 1220 provides a connection for the RAN 1202 to a
packet-based network 1222. The packet-based network 1222
may be the Internet, a private data network, or some other
suitable packet-based network. The primary function of the
GGSN 1220 1s to provide the UEs 1210 with packet-based
network connectivity. Data packets are transierred between
the GGSN 1220 and the UEs 1210 through the SGSN 1218,
which performs primarily the same functions in the packet-
based domain as the MSC 1212 performs in the circuit-
switched domain.

The UMTS air interface 1s a spread spectrum Direct-Se-
quence Code Division Multiple Access (DS-CDMA) system.
The spread spectrum DS-CDMA spreads user data over a
much wider bandwidth through multiplication by a sequence
of pseudorandom bits called chips. The W-CDMA air inter-
face 1s based on such direct sequence spread spectrum tech-
nology and additionally calls for a frequency division duplex-
ing (FDD). FDD uses a different carrier frequency for the

uplink (UL) and downlink (DL) between a Node B 1208 and
a UE 1210.

The functionality described herein (e.g., with regard to one
or more of the accompanying figures) may correspond 1n
some aspects to similarly designated “means for” functional-
ity 1n the appended claims. Referring to FI1G. 13, an apparatus
1300 1s represented as a series of interrelated functional mod-
ules. Here, a module for recerving signals 1302 may corre-
spond at least 1n some aspects to, for example, a recerver as
discussed herein. A module for maintaining a VAS 1304 may
correspond at least 1n some aspects to, for example, a con-
troller as discussed herein. A module for receiving a message
1306 may correspond at least in some aspects to, for example,
a recewver as discussed herein. A module for identifying a
plurality of cells 1308 may correspond at least 1n some
aspects to, for example, a controller as discussed herein. A
module for 1dentifying a best cell 1310 may correspond at
least 1n some aspects to, for example, a controller as discussed
herein. A module for including the 1dentified best cell 1n the
VAS 1312 may correspond at least in some aspects to, for
example, a controller as discussed herein. A module for
receiving other signals 1314 may correspond at least in some
aspects to, for example, a receiver as discussed herein. A
module for maintaining another VAS 1316 may correspond at
least 1n some aspects to, for example, a controller as discussed
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herein. A module for calculating a frequency quality estimate
1318 may correspond at least in some aspects to, for example,
a controller as discussed herein. A module for setting a weight
parameter to a defined value 1320 may correspond at least in
some aspects to, for example, a controller as discussed herein.
A module for selecting a best cell 1322 may correspond at
least in some aspects to, for example, a controller as discussed
herein. A module for changing the best cell 1324 may corre-
spond at least 1n some aspects to, for example, a controller as
discussed herein. A module for resetting a time-to-trigger
parameter 1326 may correspond at least 1n some aspects to,
for example, a controller as discussed herein.

The functionality of the modules of FIG. 13 may be imple-
mented 1n various ways consistent with the teachings herein.
In some aspects the functionality of these modules may be
implemented as one or more electrical components. In some
aspects the functionality of these blocks may be implemented
as a processing system including one or more processor coms-
ponents. In some aspects the functionality of these modules
may be implemented using, for example, at least a portion of
one or more 1mtegrated circuits (e.g., an ASIC). As discussed
herein, an integrated circuit may include a processor, soft-
ware, other related components, or some combination
thereol. The functionality of these modules also may be
implemented 1n some other manner as taught herein. In some
aspects one or more of any dashed blocks in FIG. 13 are
optional.

It should be understood that any reference to an element
herein using a designation such as “first,” “second,” and so
forth does not generally limit the quantity or order of those
clements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more
elements or instances of an element. Thus, a reference to first
and second elements does not mean that only two elements
may be employed there or that the first element must precede
the second element 1n some manner. Also, unless stated oth-
erwise a set of elements may comprise one or more elements.
In addition, terminology of the form “at least one of: A, B, or
C” or “one or more of: A, B, or C” used 1n the description or
the claims means “A or B or C or any combination of these
clements.”

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
istructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Those of skill would further appreciate that any of the
various 1llustrative logical blocks, modules, processors,
means, circuits, and algorithm steps described 1n connection
with the aspects disclosed herein may be implemented as
clectronic hardware (e.g., a digital implementation, an analog
implementation, or a combination of the two, which may be
designed using source coding or some other technique), vari-
ous forms of program or design code incorporating instruc-
tions (which may be referred to herein, for convemence, as
“software” or a “software module™), or combinations of both.
To clearly illustrate this interchangeability of hardware and
soltware, various illustrative components, blocks, modules,
circuits, and steps have been described above generally 1n
terms of their functionality. Whether such functionality 1s
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality 1n varying ways for each particular application,

10

15

20

25

30

35

40

45

50

55

60

65

28

but such implementation decisions should not be interpreted
as causing a departure from the scope of the present disclo-
sure.

The various 1illustrative logical blocks, modules, and cir-
cuits described in connection with the aspects disclosed
herein may be implemented within or performed by an inte-
grated circuit (IC), an access terminal, or an access point. The
IC may comprise a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, electrical components, opti-
cal components, mechanical components, or any combina-
tion thereof designed to perform the functions described
herein, and may execute codes or instructions that reside
within the IC, outside of the IC, or both. A general purpose
processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, one or more miCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

It 1s understood that any specific order or hierarchy of steps
in any disclosed process 1s an example of a sample approach.
Based upon design preferences, it 1s understood that the spe-
cific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present
disclosure. The accompanying method claims present ele-
ments of the various steps 1n a sample order, and are not meant
to be limited to the specific order or hierarchy presented.

In one or more exemplary embodiments, the functions
described may be implemented 1n hardware, software, firm-
ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or transmitted over as
one or more 1nstructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and commumication media including any
medium that facilitates transter of a computer program from
one place to another. A storage media may be any available
media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to carry
or store desired program code 1n the form of mstructions or
data structures and that can be accessed by a computer. Also,
any connection 1s properly termed a computer-readable
medium. For example, 1f the software 1s transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as inirared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are 1included 1n the definition of medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), tloppy disk and blu-ray disc
where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Thus, 1n some aspects
computer readable medium may comprise non-transitory
computer readable medium (e.g., tangible media). In addi-
tion, 1 some aspects computer readable medium may com-
prise transitory computer readable medium (e.g., a signal).
Combinations of the above should also be included within the
scope ol computer-readable media. It should be appreciated
that a computer-readable medium may be implemented 1n any
suitable computer-program product.
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The previous description of the disclosed aspects 1s pro-
vided to enable any person skilled 1n the art to make or use the
present disclosure. Various modifications to these aspects will
be readily apparent to those skilled 1n the art, and the generic
principles defined herein may be applied to other aspects
without departing from the scope of the disclosure. Thus, the
present disclosure 1s not intended to be limited to the aspects
shown herein but s to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

What is claimed 1s:

1. A method of communication, comprising:

receiving signals on a specified frequency at an access

terminal;

maintaining, based on the recetved signals, a first virtual

active set that only includes cells present in a CELL_IN-
FO_CSG_LIST, wherein the first virtual active set
includes a plurality of cells;

receiving other signals on the specified frequency;

maintaiming a second virtual active set for at least one other

cell based on the received other signals, wherein the
second virtual active set only includes cells present in a
CELL_INFO_LIST:

selecting a first cell of the plurality of cells as a best cell of

the first virtual active set;

changing the best cell of the first virtual active set by

selecting a second cell of the plurality of cells in place of
the first cell; and

resetting a time-to-trigger parameter for inter-frequency

event reporting based on the change of the best cell.

2. The method of claim 1, wherein the cells present 1n the
CELL_INFO_CSG_LIST comprise at least one of the group
consisting of: closed subscriber group cells, hybrid cells, and
open Home NodeBs.

3. The method of claim 1, further comprising receiving a
message for configuring the CELL_INFO_CSG_LIST,
wherein the message specifies which cells are allowed to be
included in the first virtual active set.

4. The method of claim 1, further comprising calculating a
frequency quality estimate for the inter-frequency event
reporting based solely on the best cell of the first virtual active
set.

5. The method of claim 1, wherein a weight parameter 1s
defined for applving weighting to cell measurements for the
inter-frequency event reporting, the method further compris-
ing setting the weight parameter to a defined value to cause
only the best cell present in the first virtual active set to be
used for the mter-frequency event reporting.

6. The method of claim 5, wherein the defined value com-
prises a value of zero.

7. The method of claim 5, wherein the change of the best
cell comprises determiming whether a measured quality asso-
ciated with the second cell exceeds a measured quality asso-
ciated with the first cell by at least a defined amount for at least
a defined period of time.

8. The method of claim 7, wherein:

the defined amount comprises a hysteresis parameter for a

3GPP Event 1c¢; and

the defined period of time comprises a time-to-trigger

parameter for a 3GPP Event 1c.

9. The method of claim 1, wherein a weight parameter 1s
defined for applying weighting to cell measurements for the
inter-frequency event reporting, the method further compris-
ing setting the weight parameter to a defined value to cause
more than one cell present 1n the first virtual active set to be
used for the mter-frequency event reporting.

10. The method of claim 9, wherein the defined value
comprises a non-zero value.
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11. The method of claim 9, wherein the weight parameter 1s
set to the defined value to support soit handover operations.

12. An apparatus for communication, comprising:

a receiver operable to receive signals on a specified fre-
quency; and

a controller operable to maintain, based on the received
signals, a first virtual active set that only includes cells
present in a CELL_INFO_CSG_LIST, wherein the first
virtual active set includes a plurality of cells, wherein

the recerver 1s further operable to recerve other signals on
the specified frequency,

the controller 1s further operable to maintain a second
virtual active set for at least one other cell based on the
received other signals, the second virtual active set only
including cells present in a CELL_INFO_LIST,

the controller 1s further operable to select a first cell of the
plurality of cells as a best cell of the first virtual active
set,

the controller 1s further operable to change the best cell of
the first virtual active set by selecting a second cell of the
plurality of cells in place of the first cell, and

the controller 1s further operable to reset a time-to-trigger
parameter for inter-frequency event reporting based on
the change of the best cell.

13. The apparatus of claim 12, wherein the cells present in
the CELL_INFO_CSG_LIST comprise at least one of the
group consisting of: closed subscriber group cells, hybrd
cells, and open Home NodeBs.

14. The apparatus of claim 12, wherein the receiver 1s
further operable to recerve a message for configuring the
CELL_INFO_CSG_LIST, wherein the message specifies
which cells are allowed to be included 1n the first virtual active
set.

15. The apparatus of claim 12, wherein the controller 1s
turther operable to calculate a frequency quality estimate for
the mter-frequency event reporting based solely on the best
cell of the first virtual active set.

16. The apparatus of claim 12, wherein:

a weight parameter 1s defined for applying weighting to
cell measurements for the mter-frequency event report-
ing; and

the controller 1s turther operable to set the weight param-
cter to a defined value to cause only the best cell present
in the first virtual active set to be used for the inter-
frequency event reporting.

17. The apparatus of claim 16, wherein the defined value

comprises a value of zero.

18. The apparatus of claim 16, wherein the change of the
best cell comprises determining whether a measured quality
associated with the second cell exceeds a measured quality
associated with the first cell by at least a defined amount for at
least a defined period of time.

19. The apparatus of claim 18, wherein:

the defined amount comprises a hysteresis parameter for a
3GPP Event 1c¢; and

the defined period of time comprises a time-to-trigger
parameter for a 3GPP Event 1c.

20. The apparatus of claim 12, wherein:

a weight parameter 1s defined for applying weighting to
cell measurements for the inter-frequency event report-
ing; and

the controller 1s further operable to set the weight param-
cter to a defined value to cause more than one cell
present 1n the first virtual active set to be used for the
inter-frequency event reporting.

21. The apparatus of claim 20, wherein the defined value

comprises a non-zero value.
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22. The apparatus of claim 20, wherein the weight param-
cter 1s set to the defined value to support soft handover opera-
tions.

23. An apparatus for communication, comprising:

means for recerving signals on a specified frequency;

means for maintaining, based on the recerved signals, a first

virtual active set that only includes cells present in a
CELL _INFO CSG LIST, wherein the first wvirtual
active set includes a plurality of cells;

means for recerving other signals on the specified fre-

quency;

means for maintaining a second virtual active set for at

least one other cell based on the received other signals,
wherein the second virtual active set only includes cells
present in a CELL_INFO_LIST;

means for selecting a first cell of the plurality of cells as a

best cell of the first virtual active set;

means for changing the best cell of the first virtual active set

by selecting a second cell of the plurality of cells inplace
of the first cell; and

means for resetting a time-to-trigger parameter for the

inter-frequency event reporting based on the change of
the best cell.

24. The apparatus of claim 23, wherein the cells present in
the CELL_INFO_CSG_LIST comprise at least one of the
group consisting of: closed subscriber group cells, hybrid
cells, and open Home NodeBs.

25. The apparatus of claim 23, further comprising means
for receiving a message for configuring the CELL_INFO_C-
SG_LIST, wherein the message specifies which cells are
allowed to be included 1n the first virtual active set.

26. The apparatus of claim 23, wherein a weight parameter
1s defined for applying weighting to cell measurements for the
inter-frequency event reporting, the apparatus further com-
prising means for setting the weight parameter to a defined
value to cause only the best cell present in the first virtual
active set to be used for the inter-frequency event reporting.

277. The apparatus of claim 26, wherein the defined value
comprises a value of zero.

28. The apparatus of claim 26, wherein the change of the
best cell comprises determining whether a measured quality
associated with the second cell exceeds a measured quality
associated with the first cell by at least a defined amount for at
least a defined period of time.

29. The apparatus of claim 28, wherein:

the defined amount comprises a hysteresis parameter for a

3GPP Event 1c; and

the defined period of time comprises a time-to-trigger

parameter for a 3GPP Event 1c.

30. A non-transitory computer-readable medium compris-
ing code for causing a computer to:

receive signals on a specified frequency at an access termi-

nal;

maintain, based on the received signals, a first virtual active

set that only includes cells present in a CELL_INFO_C-
SG_LIST, wherein the first virtual active set includes a
plurality of cells;

receive other signals on the specified frequency;

maintain a second virtual active set for at least one other

cell based on the received other signals, wherein the
second virtual active set only includes cells present 1n a
CELL_INFO_LIST;
select a first cell of the plurality of cells as a best cell of the
first virtual active set;
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change the best cell of the first virtual active set by selecting
a second cell of the plurality of cells in place of the first
cell; and

reset a time-to-trigger parameter for the inter-frequency
event reporting based on the change of the best cell.

31. The non-transitory computer-readable medium of

claim 30, wherein the cells present 1n a CELL_INFO_CS-
G_LIST comprise at least one of the group consisting of:
closed subscriber group cells, hybrid cells, and open Home
NodeBs.

32. The non-transitory computer-readable medium of
claim 30, wherein the computer-readable medium further

comprises code for causing the computer to receive amessage
for configuring the CELL_INFO_CSG_LIST, wherein the
message specifies which cells are allowed to be included in
the first virtual active set.

33. The non-transitory computer-readable medium of
claim 30, wherein:

a weight parameter 1s defined for applying weighting to
cell measurements for the mter-frequency event report-
ing; and

the computer-readable medium further comprises code for
causing the computer to set the weight parameter to a
defined value to cause only the best cell present 1n the
first virtual active set to be used for the inter-frequency
event reporting.

34. The non-transitory computer-readable medium of

claim 33, wherein the defined value comprises a value of zero.

35. The non-transitory computer-readable medium of
claim 33, wherein the change of the best cell comprises deter-
mining whether a measured quality associated with the sec-
ond cell exceeds a measured quality associated with the first
cell by at least a defined amount for at least a defined period
of time.

36. The non-transitory computer-readable medium of
claim 35, wherein:

the defined amount comprises a hysteresis parameter for a
3GPP Event 1c; and

the defined period of time comprises a time-to-trigger
parameter for a 3GPP Event 1c.

37. The method of claim 1, wherein resetting the time-to-

trigger parameter restarts a corresponding timer.

38. The apparatus of claim 12, wherein resetting the time-
to-trigger parameter restarts a corresponding timer.

39. The apparatus of claim 23, wherein resetting the time-
to-trigger parameter restarts a corresponding timer.

40. The non-transitory computer-readable medium of
claam 30, wherein resetting the time-to-trigger parameter
restarts a corresponding timer.

41. The method of claim 1, wherein the cells present 1n the
CELL_INFO_CSG_LIST comprise at least one of the group
consisting of: hybrid cells and open Home NodeBs.

42. The apparatus of claim 12, wherein the cells present in
the CELL_INFO_CSG_LIST comprise at least one of the
group consisting of: hybrid cells and open Home NodeBs.

43. The apparatus of claim 23, wherein the cells present 1n
the CELL_INFO_CSG_LIST comprise at least one of the
group consisting of: hybrid cells and open Home NodeBs.

44. The non-transitory computer-readable medium of
claim 30, wherein the cells present 1n a CELL_INFO_CS-
G_LIST comprise at least one of the group consisting of:
hybrid cells and open Home NodeBs.
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